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ABSTRACT
Currently there are no of MRI image-based stereotactic apparatus for target determination in the
brain of animals. Until now, the only stereotactic devices for directing problems and electrodes
in animal brains for neuroscience are based on dental and ear canal fixation and on skull based
features which are at best crudely related to brain anatomy. As a result there is no accurate
method or apparatus to place a probe into the brain of a research animal. Proposed here is a
surgical system to replace these outmoded techniques. The system consists of a MR compatible
head frame and a MR localizer designed specifically for the Norway species of rat. This system
allows for accurate targeting of structures within the rodent brain and precision placement of
electrodes to these structures. This system utilizes the most current MRI imaging technologies
available to provide major improvements to quality and reliability in neuroscience data
acquisition.
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Title: Professor Emeritus of Physics
Table of Contents:
0.0 Abstract .................................................................................................................... 2
1.0 Introduction and History
1.1 Stereotaxy in animals....................................................................................3
1.2 Stereotaxy in Humans ...................................................................................6
1.3 Scientific objectives for neuroscience
1.4 Practical Evaluation of Current Rodent Stereotactic Tech ........................ ... 8
1.4.1 Skull Fixation .............................................................................. 8
1.4.2 Target Acquisition ....................................................................... 10
1.4.3 Instrument Fixation .................................................................... 10
1.4.4 Target Confirmation ................................................................... 12
1.5 Image-based Stereotaxy For Animals .......................................................... 12
2.0 Design Considerations ............................................................................................. 13
2.1 Overall design objective............................................................................... 13
2.2 Scale .............................................................................................................. 13
2.3 Semi-permanent mechanical head ring ........................................................ 14
2.4 Sterility ......................................................................................................... 14
3.0 Specific Design ......................................................................................................... 16
3.1 Head frame based platform .......................................................................... 16
3.1.1 Features ..................................................................................... 16
3.1.2 Head Pins and Shoulder Screws ................................................. 17
3.1.3 Methods for Head Ring Installation and Use of
Accompanying Tool Set ............................................................. 17
3.1.4 Schematics of Head Ring and Accessories .................................. 22
3.2 The CT/ MRI localizer
3.2.1 Features ....................................................................................... 25
3.2.2 Localizer geometry ..................................................................... 26
3.2.3 MRI visible indices......................................................................27
3.3 The Probe/ electrode guides and fixation. ......................................................29
3.3.1 Features ....................................................................................... 29
3.3.2 Methods for Installation .............................................................. 30
3.4 MRI coordinate transformations. ....................................................................32
4.0 Results ....................................................................................................................... 34
4.1 Head Ring Installation ................................................................................... 34
4.1 MRI Imaging Test .......................................................................................... 36
5.0 Conclusions ................................................................................................................ 39
6.0 Special Acknowledgements and Thanks ................................................................... 40
References . . . ...................................................................................................................... 41
1.0 Introduction and History
1.1 Stereotaxy in Animals
Stereotaxy is the process by which on is able to control the precise location of a
movable object in three-dimensional space. The first stereotactic surgical procedure was
performed on a rat by Horsley and Clark in 1908. They devised a system that based on
the principle that structures in the brain have definite and predictable locations relative to
features of the surrounding skull. This system used the external auditory meatii to locate
a "stereotaxtic zero-point" at the center of the interaural line. This point was used as the
origin of stereotactic axis which one could reference structures in the brain using an
anatomical atlas. By establishing this coordinate system, simple calculations could be
made to guide instruments to locations in the brain. In the Horsley-Clarke system uses an
apparatus like the one shown in Figure 1.
Figure 1: A Rodent Stereotactic Apparatus
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In this devise, the rat's head is fixed by three points in space. The head is centered by two
ear bars are place in the auditory meadii and the head is set a fixed level by an incisor bar placed
in the mouth and fixed with a nose bar. A tool carrier is fixed to this head frame which can be
adjusted for precise movements all three axis. In 1953 W.R. Hess developed an alternate method
of stereotaxy that used the intersection of coronal and sagital sutures on the skull, a location
called bregma, as a zero point. Figure 2 show the sutures of the skull as they would appear
during surgery. Unlike the interaural line, the sutures are visible during surgery.
Figure 2: View of The Sutures on The Rat Skull with Labels: A)Saggital Suture B) Lambdoidal
Suture C) Coronal Suture D) Bregma E) Lambdal
Hess wanted to record the brain activity in free moving rats so he fixed plates on the skull in
reference to bregma and lowered electrodes to specific locations using holes in the plates. The
current methods of animal stereotaxy use a combination of the two methods, using an Horsley-
Clarke type apparatus and Bregma as a zero-point.
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1.2 Stereotaxy in Humans
Stereotaxic surgical methods have been in use for human surgeries since 1948.
These procedures, which were used to treat thalomotomy for tremor, relied on an x-ray
procedure called pneumoencephalography to localize targets in the brain. With the
improvement of imaging techniques, primarily computed tomography (CT) and later
magnetic resonance imaging (MRI), and, stereotaxic surgical procedures have become
commonplace. The "image-based" guidance represents a vast departure from those
techniques described in the previous section. Rather than using coordinates selected from
an anatomical atlas for targeting, image based stereotaxy uses references the location of
the actual structure with the patents brain. The basic method to carryout image based
stereotaxy is a follows. First a rigid head rind is fixed directly to the patents skull using a
series sharpened points tighten through the skin to penetrate the bone. This head ring
becomes platform becomes the stereotactic reference which is used to guide all surgical
procedures. Next a device called a localizer is fixed to the head ring. The localizer
contains carbon and/or fluid filled tubes which are visible during CT and MRI scan
imaging. These tubes are arrange in "n-type" configurations which are used to give a
precise reference between the localizer and brain structures. When a scan of the head is
taken of the patent wearing the head frame and localizer these tubes are visible as points
within the image slice. The index prints associated with three of these "n-type" structures
are visible in an image slice, which are used to define the plane on which the slice was
taken. Figure 3, shows a sagittal MRI scan image of a patient wearing a head frame and
localizer.
6
Figure3: CT Scan of Patient's Head with Visible Localizer Reference Points2
Because location of each point on the localizer is known, a simple linear
transformation is used to transfer points on the scan to the coordinate system defined by
the head ring. This is important because the patient can be placed arbitrarily during the
scan without affecting the of accuracy of target localization. For placement of devices in
the brain, an apparatus called an "Arc-System" of is used. Figure 4 shows CRW system
head ring and arc in place on a model. This arc is a precision holding tool platform that
can be adjusted in it's XYZ coordinate settings and 2 angular arc settings to place an
instrument probe tip to a three dimensional point specified by the transformation of brain
imaging data just mentioned.
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Figure 4: The CRW Stereotactic System Arc and Head Ring3
1.3 Scientific Objectives for Neuroscience
Placing electrodes accurately into structures of interest in the brain is essential to
advancement research in the neuroscience. Electrodes are used to collect information
about activity in the brain. Researchers hope to better understand the way the human
brain works, by collecting activity information while doing experiments such as
repetitive task learning exercises with animals.
1.4 Practical Evaluation of Current Rodent Stereotaxic Techniques
1.4.1 Skull Fixation
In the current method in practice, the skull is fixed by three points to a stereotactic
apparatus as shown in figure 4.
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Figure 4: A Rat Held in a Stereotactic Device
Two ear bars are inserted into rat's external auditory meadii and a bite bar is
clamped to the upper jaw positioned behind the incisors on the paramaxilaries. The
accuracy of this method relies solely on the technicians ability to center and level the rat
in the device. This requires considerable skill and familiarity with the process, and can
easily done incorrectly for the following reasons. Each of these methods of fixation relies
upon referencing to skull landmarks that underlie the external soft tissues that surround
the skull. These tissues can shift or can vary in consistency causing misalignment while
attempting to center and level the skull. The adjustment to the tilt of the rat skull is made
after scalp and periosteum are retracted and the skull is exposed. The level of the incisor
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bar is adjusted until bregma and lambda lie in the same horizontal plane. Any shift of the
tissues in the rodent's palette will influence the accuracy of this already questionable
calibration.
1.4.2 Target Acquisition
Perhaps the most prominent shortcoming of current rodent stereotactic methods
are their reliance on atlas to position instruments. These atlases are the result of an
average compilation of anatomical studies from multiple studies. They do not related
directly to the anatomy and the variations of the specific rat subject in a particular
experiment. The accuracy they provide is not brain specific and lacks the precision
required of modern neuroscience. They provide, at best, rough guidance though the brain
and ignores the inevitable variation from animal to animal. This low level of accuracy
also assumes an ideal placement of the rat in the frame. This provides no perspective
knowledge of what target will be achieved based on neuroanatomy, but it is merely a hit-
or miss approach with a shotgun type paradigm.
1.4.3 Instrument Fixation
When an electrode, cannula, or electrode carrier is positioned in the brain, it must
be fixed at this location in order to provide experimental data. To accomplish this the
conventional method is to use a combination of bone screws and methyl methacrylate
bone cement. Figure 5 shows an electrode in the process of skull fixation.
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Figure 5. Electrode skull fixation
The "jeweler's screws" used are the type commonly found in watches and small
electronics and are not designed specially for this application. The small screws are
installed into four holes drilled prior to the insertion of the instrument. Once the electrode
is inserted, the area around the insertion is cleared and bone cement is applied delicately
in several layers. This process is called "mounding" the electrode. Once the mound
covers the screws and a sufficient portion of the skull, the scalp is closed around mound
with several stitches. This method of skull fixation
has many disadvantages including, but not limited to, loosening-up, infection, bone
erosion, and the death of the animal with loss of valuable data. In the most common
application of rodent stereotactic surgery, in which a larger multi-electrode carrier is
fixed to the skull, detachment is commonplace. This issue is a primary concern of
researchers, who find their research prematurely cut short by this common occurrence.
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Also such failure has severe implications for the health of the research animal raising the
important issue of humane treatment.
1.4.4 Target Confirmation
In this hit-or-miss approach to target location there are no methods to confirm the
position of electrode placement. The electrode's ultimate position can only be
determined during post-mortem evaluation. This confirmation often comes many months
after the electrode is placed and research data has been acquired. As is often the case, the
electrode was not located in the location of research interest invalidating any data that
was recorded.
1.5 Image based Animal Stereotaxy
Use of image-based stereotactic in animal surgeries until now has been relatively
primitive. In primate research, MRI scan images are used to locate brain targets and to
crudely relate their position to physical external structures (such as the auditory
midline). The positions of the targets are read directly off the MRI scan image and are
therefore the precision of the measurements is dependant on the alignment of the
monkey in the scanner. An ideal image-based animal system would take cues from the
human system and enable target location and definition independent of the exact
orientation of the animal in the scanner.
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2.0 Design Consideration
2.1 Overall design objectives
The overall design of an image based stereotactic system has several specific
objectives. The primary objective is accurate determination of target coordinates relative
to a skull-fixed stereotactic frame based on CT or MRI scan imaging data which is used
to visualize a functional target of interest. Material selection is crucial to the success of
MRI imaging. The materials chosen must not produce significant artifacts or cause
significant distortion of the image scan data. This excludes the use of most metal parts in
the case of MRI imaging. The system must also have the capability to accurately direct a
probe to a targets in a way that limits misplacement during the insertion procedure.
Furthermore, the system must provide the capability to confirm the location of an
electrode once in place, place additional electrodes if desired, and repeat CT or MRI
scanning once the electrodes are in place.
2.2 Scale
The small scale of this system to accommodate the small size of the rat's skull and brain
is a major influence on the design decisions made in producing and implementing this
system. Figure 6 shows a rat skull with an adjacent millimeter scale. Any system must
allow for a full range of standard rat skull sizes. Furthermore, the system will be attached
to a rat for an extended period and should not encumber the rat's natural movements.
Special care must be taken to select materials and design components to maintain tight
tolerances and rigidity required for accurate operation, yet remain within the size and
weight constrains outlined above.
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Figure 6: Two Rat Skull with Millimeter Scales
2.3 Semi-Permanent Mechanical Head Ring
The system must provide a reliable, non-infection prone, stable, and long lasting
mechanical attachment to a rodent. The head ring must be adapted to practical and easy
attachment to the animal's skull without harm to the animal or loss of accuracy. It must
be adapted to provide easy and repeatable attachment of a CT/MRI localizer frame for
scanning and of electrode carriers for subsequent signal recording from the rat's brain.
2.4 Sterility
Any system proposed must maintain the sterility of the workspace during surgery and
experimentation. Furthermore, all devices should be designed for repeated use and where
14
components require sterility, these components must either be disposable or able to be
autoclaved.
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3.0 Specific Design
The following sections outline the specific design and methods for implementing image-
based stereotaxy in the rat brain
3.1 Head Ring Platform
3.1.1 Features
Figure 7 shows the prototype head ring attached to rat skull. The head frame is a
lightweight yet rigid structure constructed out of a single piece of Ultem 2300. Ultem
2300 is a 30% glass filled polythermide plastic. Ultem is ideally suited for this
application. Ultem is machineable and capable of holding the high tolerances required to
maintain accuracy of the system. It also performs consistently to temperatures of 340 OF
and can withstand multiple autoclaving cycles. Most importantly Ultem is MRI
compatible and will not cause any distortion of the scan image.
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Figure 7: Head Ring Platform Attached to Rat Skull
The Head ring measures 1.40" x 1.40" x 0.50", at it's outer dimensions. The
inside channel was designed to accommodate the full range of rat skull sizes. The frame
is designed to rest up on the skull in a very specific location to allow for imaging and
access to every region of the rats brain. A window place at the top of the frame leaves the
top of the rat's head for surgical access and allows for the insertion of guided
instruments. The fixation of the frame is enabled by a sequential installation of screws
and pins in three threaded holes located on each side of the frame.
3.1.2 Head Ring Screws and Shoulder Pins
The six head ring screws which are used for the initial fixation of the head frame to
the skull are modified stainless steel allen hex cap screws. These screws are modified
with a 30 degree sharp point designed to dig into the outer table of the skull after piecing
the scalp.
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The head ring shoulder pins are modified glass filled Nylon slotted cap screws
used for long-term fixation. The modified screws have a shouldered tip designed to sit
snuggly in pre-drilled holes in the rat skull. This part is designed to be minimally invasive
and provide long-term fixation. When installed, shouldered pins exert little or no normal
or lateral forces on the skull to prevent bone necrosis. This mode of fixation does not rely
on bone screws or bone cements that can deteriorate overtime and lead to loss of stability
with a detrimental impact to the health of the animal. Figure 8 shows a schematic view of
the head ring screws and head ring shouldered pins.
-A-.~~-
Figure 8: Head Ring Screw and Head Ring Shouldered Pin Schematics
3.1.3 Methods for Head Ring Installation and Use of Accompanying Tool Set
In order to install the head frame an additional set of tools had to be designed
which is shown in Figure 9.
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Figure 9: Installation tool set (A) Skin Punch and Clean-Out tool (B) Skull Drill and
Guide
To position the rat to receive the head frame, a Horsley-Clarke type stereotactic
frame is used with modified ear bars. Once the rat is placed in the frame, the head is
centered with the ear bars and roughly leveled with the incisor bar. The ear bars had to be
modified with a pair of risers that allow tool access to the head frame screw holes. Once
the rat is properly positioned the head frame is attached to a clamping rod that can be
inserted into the tool carrier of the stereotactic apparatus. This allows the frame to be
easily lowered over the rat's head and remain stable as the installation continues. The
frame is positioned so that the holes in the frame align roughly with the midline on
squamosal temporal walls of the rat's cranium, as shown in the diagram in figure 10.
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Figure10: Alignment of Head Frame to Structures on The Rat Skull
The pointed head frame screws are then installed to stake the frame to the
animal's skull. The screws are installed sequentially in opposing pairs to maintain force
balance and proper alignment. These screws are tightened only to provide a secure
connection to the outer table. They must not be overtightened to avoid causing damage to
the skull. One-by-one in opposing pairs, starting with the middle pair, the head ring
screws are removed and the scalp is removed with the skin punch. To make the cut, the
skin punch is inserted into the empty head frame hole, a light pressure is then applied and
the punch is turned. Next, the skin punch clean-out tool is inserted into the skin punch,
and the pieces of the scalp and periosteum are cleared from the punch site. Now the site is
prepared to drill the hole in the skull to receive the head frame shoulder pins. To create
the skull hole, the drill guide is inserted into the head frame hole in position against the
exposed skull. The 0.036 (#65) skull drill is then inserted into the guide. Light pressure is
applied to the drill as it is rotated until the skull is completely penetrated. The guide is
designed to act as a depth stop for the drill, allowing the drill to cut the skull safely
20
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without plunging further into the brain. With holes made in the rat's skull the shoulder
pins can be inserted into head ring and seated snuggly to the skull. To complete
installation, the process, just described, is repeated for all five remaining pairs of pins. At
this point, the head frame is securely fixed to the skull and the rat can be removed from
the stereotactic frame.
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3.1.4 Schematics of Head Ring and Accessories
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Figure 11: Schematic Drawing of Head Ring
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Figure 12: Schematic Drawing of Skin Punch and Clean-Out Tool
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Figure 13: Schematic Drawing of Skull Drill and Drill Guide
Figure 14: Schematic Drawing of Ear Bar Risers
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Figure 15: Schematic Drawing of Head Frame Clamping Rod
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3.2 CT/MRI Localizer Frame
3.2.1 Features
The localizer frame provides rod and diagonal graphic reference indices on the top and on
both sides of a box frame that attaches to the head ring. Figure 16 shows the localizer
frame attached to the head ring. The rods and diagonal localizer structures provide
enough index dots in a CT or MRT scan to determine the relation of an arbitrary scan
plane with respect to the head ring.
Figure 16: MRI/CT Localizer Frame attached to Head Frame
The Localizer frame is constructed from lexan and the reference tubes are PVC so
there are no MRI artifacts or distortion in keeping with the rest of the system. The
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localizer frame data enables the mapping of targets seen in the image plane to the XYZ
coordinates of the target with respect to the Head Ring. Similar to the design of human
MRI-localizers, the rat localizer frame is designed with fluid filled tubes in a plastic
framework. For simplicity, the localizer is designed to be used only in axial slices with
respect to the MRI scanner. Scanning in additional orientations would require additional
n-type tubes. During scanning, these channels may be filled with MRI- visible fluids. For
added easy of use, the channels are constructed from a single piece of tubing with simple
fill ports.
3.2.2 Localizer Geometry
The particular geometry of the localizer frame was chosen to best fit around the
body of the rat. The index tube channels were laid out in order to encompass the space
occupied by the rat brain. Figure 17 shows perspective views of the head frame and rat
skull within the localizer frame.
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Figure 17: Schematic Drawings Localizer Frame with Corresponding Rat Skull
Orientations
3.2.3 MRI/CT Visible Indices
PVC tubes with an inner diameter of 0.0.63" are used to construct the MRI
indices. This size provides a large enough spot on an MRI image to pick out the centroid
of the tube. In order to be visible in MRI scanning, the tubes must be filled with an MRI
visible fluid. Water with a 2% concentration of gadolinium chloride is a commonly used
fluid which provides a strong MRI signal. The reference fluid be uniformly distributed in
the tubes in order for the references to be used effectively. No bubbles must be trapped in
the filling process. To quickly and easily fluid fill the localizer frame and avoid bubble
trapping, a single tube construction was chosen. The channels can be filled in 10 seconds
by injecting fluid in one end of the tube until it flows out the other end, as shown in
27
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figure 18. The tubes are then clamped off using two nylon set screws, sealing the
channels, as shown in figure 19.
Figure 18: Diagram Localizer Frame Indices Layout
Figure 19: D)etail of Hose Clamp
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3.3 Probe and Electrode Guidance and Fixation
3.3.1 Features
The method used for guiding and fixing the placement of instruments is very
straightforward. To accomplish this task we use a guide plate mounted to the head frame
as shown in figure 20. The Guide plate is a polysultfone plastic plate with an array of pre-
drilled holes. The holes have an inner diameter of 0.026 and arranged in an N by M
rectilinear pattern with a mm hole separation. A guide tube is placed in a hole on this
plate corresponding to a target acquired from previous image scans. The hole spacing was
chosen to correspond to the resolution of target selection currently available in anatomical
atlases. This resolution is sufficient to place electrodes at or in the direct vicinity of all
structures in the brain within an acceptable level of accuracy. The size of the holes in the
guidance plate allows for several types of guide tubes to be used to place electrodes.
Depending on scan type, one can chose either a 23 Regular Wall Stainless Steel
Hypodermic Tube (0.025" OD x 0.013"ID) or a glass micropipette tube (0.025"OD X
0.013 ID). In instances where one wishes use MRI to rescan the animal brain for target
confirmation, one must use the glass tubing to prevent image distortion.
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Figure 20: Schematic Drawing Showing Electrode Guide Plate With Views Attached To
Head Frame and Rat Skull With Electrode Guide Positioned in The Cranium
3.3.2 Methods for Installation
For installation of guide tubing the rat can be placed in a stereotactic apparatus in
order to stabilize the animal during the procedure. Once the animal is immobilized the
scalp is incised and retracted. Then the guide plate is fixed to the head frame using the
guide pins and nylon screws. The microtipped drill is passed through the pre-selected
hole to create an opening in the skull corresponding to the selected target in the brain. A
guide tube is inserted into the hole to a depth such that the tip is either at the target or at
30
I I . 11   I
. : . [ . q. I 
I.. . - .. .. . . - `.  .. 
7
. , . -: v ....   . .X % . - . .I - . . I . I. I   :. f.
- ,  , I : % 7. -
;
to
. .v. r
the brain surface. A microelectrode is then passed through the guide tube to the XYZ
coordinate of the target with respect to the guide frame.
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3,4 MRI Coordinate Transformations
To reach targets using this system, a transformation must be made from MRI-
based coordinates (xi yi) for index point i seen corresponding to the localizer rods and
diagonals on the MRI planar image and the (xt Yt) coordinates of the target print also on
the MRI image to the (x'y'z')t of the target with respect to the head frame coordinate
system. This transformation is illustrated in figure 23.
MRI 2-D Image:
(X3 Y3 )
(x4 4 )
Q
(X5 Y5 )
y
(x 6y6 )
o
a (x 7 y7 )
Brain
o (x 9 y9 )
Target Print
(xt Yt )
Rat's Head
Transform to 3-D HF Coordinates:
Z'
Figure 21: Illustration of MRI Planar Scan Image with Target Coordinates, Indicies
Coordinates and Transformation to Head Frame Coordinate System.
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This transformation requires a linear transformation of the type
(Xtl' Ytl' Zt) = [T] (t, Yt 1). eq l.
Where T is a 3 by 3 matrix with coefficients T. determined by linear geometry. For
more detail see Handbook For Stereotaxy Using the CRW apparatus by Malcolm F Pell
and David G.T. Thomas.
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4.0 Results
4.1 Head Ring Installation
Under the supervision of the Graybiel Lab, I was given the opportunity to install
and evaluate the head ring design on a live rat. The installation went smoothly and was
successful. After the rat was sedated and prepped for surgery, the frame was installed in
less than 45 minutes. The duration of the surgery is very important. The longer the
duration, the more stress the rat is subjected to which affects the post-operative recovery
time as well as the overall health of the animal. This was encouraging considering that
only two trial runs were practiced with dry rat skulls before the attempt on the live rat.
The procedure was faster than traditional technique of electrode guide tube mounting
technique described previously can often take an hour or more. It is likely that the time
for this procedure can be reduced further with refinement of our techniques.
The primary fixation of the head ring screws was very effective. The sharpened
points easily penetrated the outer tissue of the head and anchored firmly to the skull
without any fracturing. Tactilely one could feel that the head rind was firmly engaged
with the outer table by means of hand turning the head of the cap screws in place. No tool
was necessary.
The skin punch tool functioned very well to incise the scalp tissue, but did not
fully extract the tissue plug within the ID of the cannula. Therefore the punch clean out
tool was essential to removing this material. When using the punch clean out tool, it was
initially observed that it did not clean out the majority of the scalp and periosteum. The
square tip profile of drill caused the flutes to mash and push the tissue rather than clear it.
A solution was devised by Terra Barnes, a member of the Graybiel Lab. The tip was
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modified with a diamond tipped rotary tool, to provide a single-sided a single cutting
flute. This improvement worked immediately to clear the tissue debris straight down to
the bone.
Installation of the 6 nylon shoulder pins was uneventful. The skull drill and guide,
quickly produced uniform and accurately placed hole in the skull. Once in place the pins
held the frame to the skull securely. Once removed from the stereotactic frame, there
were no signs of instability whatsoever. Within an hour of the surgery the subject rat was
fully revived and appeared to be healthy as shown in figure 22.
Figure 22: A Rat with The Head Frame Attached to The Skull
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4.2 MRI Localizer Imaging Test
The localizer frame and head ring were scanned together in a 3 Tesla Bekker MRI
Experimental animal scanner at the Chipper Laboratory of the Massachusetts General
Hospital. A surface coil was used on the top of the MRI localizer to increase the quality
of the scan image.
To test the linearity of the scan data, a small MRI test phantom was built and
placed in the head ring. The test phantom, shown in figure 25, had a fluid fill-able
chamber with a lattice of 0.025 glass rods equally spaced in a 2-d array.
Figure 25: MRI Localizer Test Phantom
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When localizer assembly was scanned, as shown in figure 26, the glass tubes are
visible as a series of lines and dots on the scan image. Unfortunately, the image surface
coil was not properly tuned during the test. As a result, the entire image of the all the
localizer index points could not be seen. However, the top index markers of the localizer
and all of the phantom rods were clearly detected. Though incomplete, this initial test
demonstrated that the localizer fluid channels were well visualized, and that the phantom
points appeared in a linear array. This suggests that accurate target positioning should be
possible.
37
Figure 26: MRI Scan Image of Localizer Frame, Head Ring and Test Phantom
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5.0 Conclusions
After successful trial implementations of the head ring installation and MRI
scanning of the localizer frame, the prospect of successfully implementing accurate
image-based stereotaxy in the rat is incredibly exciting. While no electrodes were
actually placed into a rat's brain, all indicators from the results of this exercise have
proven that the approach considered here is a viable means to do so. At the very least, the
proposed surgical system represents the most significant advancement to rat neurological
surgical techniques since 1908. In the future of neuroscience image-based stereotaxy will
be required to enable new and crucial research. If we wish to learn more about human
neurophysiology through avenues of animal research, the same techniques that we apply
to human research must be applied to animals. The rat is the animal that is traditionally
associated with implementation of new technologies in neurosciences and it is
appropriate that this animal that the first steps towards image-based animal stereotaxy.
Though the rat perhaps is not the most ideal candidate for the ultimate application of
animal stereotaxy. The scale the rat brain and the expense of the scanning procedure limit
the rats viability in this sort of research. The primate stereotaxy, I believe, will be the area
of research that most profoundly benefit from image-based techniques. Many of the
lessons learned during this thesis project could enable new simple and effective
approaches to investigations of primate stereotaxy in the future.
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